Effects of variations in quantities influencing the backscattering cross sections of solid elastic spheres are studied through a particular case. This is that of the 60-mm-diam copper sphere, which is being used worldwide to calibrate the 38-kHz echo sounders instrumental in fisheries surveying. Derived dependences ofthe backscattering cross section include those characterizing the sphere, immersion medium, and equipment. Some ofthe dependences are sufficiently weak to permit their neglect in assigning the calibration value of the backscattering cross section, while others must be considered. In every case the dependences are caleulable; given measurement of the calibration conditions, necessary corrections to the backscattering cross section can be determined and applied with maintenance of 0.1-dB accuracy. The wider use of copper spheres in acoustic calibrations, as in the radiation force method, is advocated. The practical use ofoptimal copper spheres in calibrating echo sounders and echo integrators is treated in detail in an appendix. The present study aims to fulfill both objects through an error-type analysis. In this, variations in the several scattering parameters are performed and the effects of these on the backscattering cross section are computed for a particular copper sphere, namely, the 60-mm-diam sphere used to calibrate the standard 38-kHz echo sounders employed in fisheries research. Derived graphical and algebraic expressions may provide practical guidelines for similar precision calibration applications.
The ranges in medium parameters are determined from the usual hydrographic relations 9'•ø over the temperature range from 0 to 30 øC and salinity range from 0 to 35 ppt, as applied at the surface, precluding pressure effects. The temperature range is identical with that used in determining the diameter of the sphere, which can thus be used in global marine applications. Ranges of variation in the equipment parameters are defined quite liberally. These simulate both untuned conditions of operation and, in the ease of the pulse duration, perhaps alternatives to the reference duration of I ms.
Results are expressed through the absolute area units of backscattering cross section and through the logarithmic units of target strength, Is where reference is made to the 
II. RESULTS AND DISCUSSION
The results of performing the variations of Table I are given in Figs. 1-4 and in Table II . During the variations of each parameter, the other parameters maintained their constant reference values except when the medium parameters were the subjects of the variation. These exceptional cases are explained below.
The basic accuracy of the numerical evaluations of F.q. (1) exceeds one part in five hundred or 0.01 dB, although the exact limit has not been determined. This minimal accuracy is convenient for the example of the 60-ram copper sphere used to calibrate 38-kHz echo sounders: since its nominal backscattering cross section is 55.7 cm 2, the accuracy of the computations is at least of the order of 0.1 cm 2. This is an appropriate truncation level for use in computing variational effects through the equations of Table II. When variations in the intrinsic parameters are considered, as in Fig. 1 , the total variations in backscattering cross section cr are seen to be rather small except in the case of the transverse sound speed. In fact, in the case of electrical-grade copper, which is proposed for precision calibrations, 4's the In all conceivable cases where optimal copper spheres are used, the effects of parameter variations are calculable. Measurement of the exact conditions of performance of any particular calibration will thus enable the appropriate value of backscattering cross section to be determined. Since the magnitudes of the effects are known to one part in five hundred or 0.01 dB, the possibility of maintaining precision calibrations under quite variable conditions is evident.
The possibility of using copper spheres for the measurement of high-intensity fields by the radiation force meth- The general process of large-system calibration is now described. This is oriented towards the ocean-going research vessel, but may be applied whenever and wherever echo sounders or echo integrators must be calibrated.
Preliminary performance measurement and adjustment of equipment
Six basic tasks are enumerated here. These should precede the physical part of the calibration. They may be conducted expeditiously while the vessel is underway, for example, while sailing to its calibration anchorage. 
Rigging for sphere measurements
The vessel is anchored in calm and sheltered water. The depth must be sufficient for separation of sphere and bottom echoes. It is desirable, moreover, to work in water as deep as possible, consistent with maintaining a stable platform. Both bow and stern anchoring or tying are recommended. This is illustrated in Fig. A 1. Winches to guide and steer lines to the sphere for its centering in the echo sounder beam are affixed to the deck railing. This is done in accordance with detailed ship draw- The sphere depth or range from the transducer is determined by several considerations. The minimal allowable range to the sphere is the greater of the Rayleigh distance, or square of the largest transducer dimension divided by the acoustic wavelength, which defines the nearfield/fartield transition, and the least range for which the sphere echo does not saturate the electronics, e.g., the preamplifier. Two further practical considerations in choosing the range are the transducer beamwidth and vessel geometry. The physical width of the beam, which increases linearly with range, should be sufficiently great so that the sphere echo is unaffected by the small, perhaps pendular movements to which it is inevitably subjected. The minimal range must also be convenient with respect to the vessel geometry. In particular, if the suspension lines do not hang freely, then control of the sphere may be hindered by friction or possible obstructions on the hull. Despite the number and variety of these considerations, it is seldom difficult in practice to find a suitable range which satisfies all of the above criteria.
Hydrography
During the anchoring and rigging operations, the temperature and salinity profiles should be taken. These will allow computation of the sound speed both at discrete depths and cumulatively to the depths of possible sphere suspension. The second computation will allow determination of the exact depth of eventual sphere suspension from the echo time delay. When this depth is applied in the first computation, the temperature correction to the target strength of the calibration sphere may be obtained from a reference graph or table.
Cento/ing
The purpose of this crucial operation is to move the immersed, suspended sphere onto the acoustic axis of the transducer. Movement of the sphere occurs by turning of the various hand-winches, always singly and upon specific command by the director of this procedure, who is guided by The exercise began at 0800 hours with the departure of the boat for Skogsvaagen, an inlet of the island of Sotra, about a one-hour sail from Bergen, where the sphere measurements were to be conducted. While underway, the performante of the equipment was measured. This followed the task list of item { 1} of the method. No serious deviations from the specifications were discovered, precluding special adjustments. In addition to these preparatory measurements, the three outriggers with hand-winches were attached to the deck railing in their usual positions and the several copper target spheres were immersed in a bucket of fresh water and detergent.
At Skogsvaagen the boat was anchored near the northem shoreline of the inlet, hugging a rock wall affording shelter from a light north breeze. Both bow and stern were anchored in water of 100-m depth. Owing to local geography, tidal flow and other submarine currents are completely negligible in the inlet, hence were not a consideration in choosing the anchoring location. The hydrography was performed immediately upon completion of the anchoring. The temperature and salinity profiles measured by a standard CTD-sonde were logged automatically by the central computer and computations of sound speed and density performed. At the anticipated calibration depth of 24 m, the temperature and salinity were found to be about 6 øC and 33 ppt, implying a local sound speed of 1472 m/s and density of 1026 kg/m 3. The average sound speed from the transducer to this depth was found by computation to be 1466 m/s.
Calibration of the 38-kHz equipment generally has the highest priority in this kind of exercise, hence the 60-ram copper sphere was immersed first. Its echo was observed on the oscilloscope immediately upon lowering to approximate 24-m depth, suggesting its location in the mainlobe. This was confirmed by routine exploration of the beam.
After fine adjustment, the sphere was assumed to be on the acoustic axis of the transducer and the measurements were begun. These are now described for the "20 log r" TVG function and external transmitter, the standard combination for many acoustic surveys. The sequences of items (5) and (7) of the method are followed below. In practice, reference is generally made to the actual attenuator setting of the measurement, which is also that of greatest use in survey work; namely, G = --20 dB. According to this reference, SL + VR ----124.9 dB.
Following calibration of the echo sounder, the echo integrator was prepared for its calibration. This was performed in the manner described in item (6) Calibration of the echo integrator can now be completed by reference of the peak echo energy to a 1-m-sailed distance and 1-m depth. The calibration value is expressed thus: TABLE All. Summary of calibrations of the Simrad EK-38 echo sounder and attached echo integrator on board R/V MICHAEL SAR$.
